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Description 



Suppression of Localized Metal 
Precipitate Formation and 
Corresponding Metallization Depletion 
in Semiconductor Processing 

Background of Invention 

[0001] lm Technical Field 

[0002] The present invention relates to Localized Metal Precipi- 
tate Formation (hereafter referred to as LMPF) and the 
corresponding metallization depletion, and more particu- 
larly, to methods for suppressing and monitoring LMPF, 
and suppressing interconnect depletion in semiconductor 
processing. 

[0003] 2. Related Art 

[0004] During the process of fabricating chips on a semiconduc- 
tor wafer, there may be at least two electrically isolated 
metal wires exposed to the manufacturing environment at 
the surface of the wafer. Due to photo and/or other forms 



of excitation, one of the two metal wires (hereafter re- 
ferred to as the first wire) may be at a higher electrical 
potential than the other metal wire (hereafter referred to 
as the second wire). When the wafer undergoes a CMP 
(Chemical Mechanical Polishing) step, during which the 
wafer is exposed to an ionic solution, some metal atoms 
(M) of the first wire dissolve in the solution and become 
ionized (M -> M n+ ). As a result of the electrical potential 
difference between the first and second wires, some of 
these ionized atoms move in the solution from the first 
wire towards the second wire, and redeposit as localized 
metal precipitates (LMP) at the second wire (M n+ ^M). 
These LMPs may cause a short-circuit in the devices on 
the wafer, which would degrade or destroy the ability of 
these devices to perform their intended function. Also, in 
some situations, the metal ions that dissolve into the ionic 
solution are drawn from a very small area of the first 
metal wire, resulting in localized removal of metal in that 
wire, often referred to as depletion or erosion of the 
metal. This localized loss of material from the first wire 
degrades the current carrying capability of the line and 
can lead to premature metallization failure. 
[0005] Therefore, there is a need for a structure to prevent such 



localized metal precipitate formation and the correspond- 
ing metallization depletion. Also, there is a need for a 
method for forming the structure. There is also a need for 
a method for monitoring such LMPF. 
Summary of Invention 

[0006] The present invention provides a semiconductor structure, 
comprising (a) an electrically conducting wire; and (b) first 
and second semiconductor regions being electrically cou- 
pled to the electrically conducting wire and being doped 
with first and second doping types, respectively, wherein 
the first and second doping types are of opposite doping 
types, wherein without the second semiconductor region, 
in response to the first semiconductor region being ex- 
cited and the electrically conducting wire being directly 
exposed to an ionic solution, a first current flows between 
the ionic solution and the first semiconductor region 
through the electrically conducting wire, and wherein with 
the presence of the second semiconductor region, in re- 
sponse to the first semiconductor region being excited 
and the electrically conducting wire being directly ex- 
posed to the ionic solution, a second current flows be- 
tween the first semiconductor region and the second 
semiconductor region so as to reduce the magnitude of 



the first current. 

[0007] The present invention also provides a method for fabri- 
cating a semiconductor structure, the method comprising 
(a) providing in the structure an electrically conducting 
wire, and first and second semiconductor regions being 
electrically coupled to the electrically conducting wire and 
being doped with first and second doping types, respec- 
tively, wherein the first and second doping types are of 
opposite doping types, and wherein without the second 
semiconductor region, in response to the first semicon- 
ductor region being excited and the electrically conduct- 
ing wire being directly exposed to an ionic solution, a first 
current flows between the ionic solution and the first 
semiconductor region through the electrically conducting 
wire; and (b) in response to the first semiconductor region 
being excited and the electrically conducting wire being 
directly exposed to the ionic solution, generating a sec- 
ond current between the first semiconductor region and 
the second semiconductor region so as to reduce the 
magnitude of the first current. 

[0008] The present invention also provides a semiconductor 
structure, comprising (a) a first semiconductor region 
doped with a first doping type; and (b) a first photo- 



blocking layer covered on top of the first semiconductor 
region and adapted for reducing light reaching and excit- 
ing the first semiconductor region. 

[0009] The present invention also provides a method for identify- 
ing LMPF (Localized Metal Precipitate Formation) in a 
semiconductor structure, the method comprising (i) pro- 
viding in the semiconductor structure (a) a first electrically 
conducting wire, (b) a first semiconductor region doped 
with N type dopants and electrically coupled to the first 
electrically conducting wire, (c) a monitoring ramp termi- 
nal being near the first electrically conducting wire, elec- 
trically disconnected from the first electrically conducting 
wire, and exposed to the atmosphere, and (d) a second 
electrically conducting wire; (ii) applying a voltage differ- 
ence to the monitoring ramp terminal and a select wire 
selected from the group consisting of the first and second 
electrically conducting wires; and (iii) measuring a current 
flowing between the select wire and the monitoring ramp 
terminal so as to determine whether LMPF occurs at the 
first electrically conducting wire. 

[0010] The present invention also provides a method for deter- 
mining the sensitivity degree of a fabrication process per- 
formed on a wafer, the method comprising the steps of (a) 



providing in the wafer a plurality of structures having var- 
ious LMPF likelihood ratios; (b) monitoring LMPF at each of 
the plurality of structures and collecting monitoring data; 
and (c) determining the sensitivity degree of the fabrica- 
tion process. 
Brief Description of Drawings 

[001 1] FIGs. 1A-1E illustrate cross-sectional views of different 
semiconductor structures for suppressing LMPF and the 
corresponding metallization depletion, in accordance with 
embodiments of the present invention. 

[0012] FIG. 2 illustrates a cross-sectional view of another semi- 
conductor structure for suppressing LMPF and the corre- 
sponding metallization depletion, in accordance with em- 
bodiments of the present invention. 

[0013] FIGs. 3A-3B illustrate cross-sectional and top views, re- 
spectively, of yet another semiconductor structure for 
monitoring LMPF, in accordance with embodiments of the 
present invention. 
Detailed Description 

[0014] FIG. 1A illustrates a cross-sectional view of a semiconduc- 
tor structure 100a, in accordance with embodiments of 
the present invention. 



[0015] | n one embodiment, the structure 100a can be formed by 
first implanting an N well 120 in a P type silicon substrate 
110. Next, two P+ regions 124a and 122 and an N+ re- 
gion 126 are formed by ion implantation, with the regions 
124a and 126 in N well 120. 

[0016] Dielectric layer 130 is then deposited upon the entire 

structure and vias 132, 134a, and 136 are formed in the 
dielectric layer 130 and filled with a conducting material 
such as copper, tungsten, or any other suitable metal. The 
vias 132, 134a, and 136 are in direct physical contact with 
P+ regions 122 and 124a, and N+ region 126, respec- 
tively. The N+ region 126 and the P+ region 122 consti- 
tute contacts to the N well 120 and the substrate 110, re- 
spectively. Excess metal from the deposition process is 
removed by CMP. Then, dielectric layer 140 is deposited 
upon the entire structure. Copper (Cu) wires 142 and 144 
are then formed in the dielectric layer 140. The copper 
wire 142 is in direct physical contact with the via 132, and 
the copper wire 144 is in direct physical contact with the 
vias 134a and 136. 

[0017] The formation of wires 142 and 144, as herein described 
and as shown in structure 100a, is accomplished by a sin- 
gle damascene process. In another embodiment, not 



shown in the figures, wires 142 and 144, along with their 
corresponding vias 132, 134a, and 136, can all be formed 
using a dual damascene (dd) process. In the dd process, 
dielectric layers 130 and 140 would be deposited to- 
gether, then vias 132, 134a, and 136, and trenches 142 
and 144, are etched (either vias first, then trenches, or in 
reverse order), and then both vias and trenches are filled 
at the same time before the CMP step is performed to re- 
move excess metal. 
[0018] | n order to understand how LMPF is suppressed in the 

structure 100a, assume that the P+ region 124a and the 
via 134a were not formed in the above-described steps. 
Under photo excitation (i.e., the transfer of photo energy 
into the structure 100a) and/or other forms of excitation 
of the structure 100a, free holes (positive charges) and 
electrons are created in the P substrate region 110 and N 
well region 120. Through diffusion and field drift, the free 
holes can move toward the P+ region 122, and the free 
electrons can move toward the N+ region 126. As a result, 
the P+ region 122 (a contact to the P substrate region 
110) and N+ region 126 (a contact to the N well 120) be- 
come anode and cathode, respectively, of a voltage cell 
(not shown) with an established electrical potential differ- 



ence between the two regions 122 and 126. 
[0019] Assume further that the structure 100a undergoes a CMP 
(Chemical Mechanical Polishing) step or any other process 
that exposes the structure 100 to an ionic or electrolytic 
solution. As a result, an ionic solution 150 of the CMP is 
applied to the top surface 148 of the structure 100a. The 
surface where fabrication processes are directed is the top 
surface of the structure or wafer. With the P+ region 122 
and the N+ region 126 being the anode and cathode of 
the voltage cell, respectively, a current flows from the an- 
ode 122 through the via 132, the Cu wire 142, the solu- 
tion 150, the Cu wire 144, and the via 136 to the cathode 
126. 

[0020] | n the solution 150, the current comprises copper ions 
Cu+ and Cu + + dissolved into the solution 150 from the 
Cu wire 142 and moving in the solution 150 towards the 
Cu wire 144. At the Cu wire 144, the copper ions combine 
with free electrons created in the N well 120 and moving 
up to the Cu wire 144 through the N+ region 126 and the 
via 136 (i.e., path 127) so as to form copper localized 
metal precipitate (LMP) 152 at the Cu wire 144. As a result 
of some copper atoms of the copper wire 142 being dis- 
solved into the solution 150 as copper ions, the copper 



wire 142 is depleted of material (i.e., metallization deple- 
tion). 

[0021] The above occurrence describes what would happen with- 
out the presence of the P+ region 124a and the via 134a. 
Now, with the presence of P+ region 124a and the via 
134a, most of the excess free electrons created in the N 
well 120 by the excitation mechanisms mentioned above 
(photo and/or others) will flow from the N+ region 126 
through the via 136, the Cu wire 144, and the via 134a to 
the P+ region 124a (i.e., path 128a). As a result, fewer 
free electrons from N well region 120 flow along the path 
127 and become available to combine with the copper 
ions in the solution 150 to form copper LMP 152. In other 
words, copper LMPF is suppressed. 

[0022] with fewer free electrons from N well region 120 flowing 
along the path 127, the current flowing in the solution 
150 from the Cu wire 142 to the Cu wire 144 is reduced. 
As a result, fewer copper atoms of the Cu wire 142 dis- 
solve into the solution 150 as copper ions. In other words, 
metallization depletion at the Cu wire 142 is also sup- 
pressed. 

[0023] FIG. IB illustrates a cross-sectional view of another semi- 
conductor structure 100b, in accordance with embodi- 



merits of the present invention. The structure 100b is 
similar to the structure 100a of FIG. 1A, except that the 
via 134a is omitted and a conducting strap 129b is 
formed electrically connecting the P+ region 124a and the 
N+ region 126. As a result, excess free electrons from N 
well 120, created by the excitation mechanisms men- 
tioned above (photo and/or others), will flow from the N + 
region 126 through the conducting strap 129b to the P+ 
region 124a (i.e., via the path 128b). As a result, substan- 
tially fewer free electrons from N well regions 120 flow 
along the path 127 and become available to combine with 
the copper ions in the solution 150 to form the copper 
LMP 152. In other words, copper LMPF is suppressed. 
[0024] | n one embodiment, the conducting strap 129b may com- 
prise a local interconnect material, such as tungsten sili- 
cide, cobalt silicide, nickel silicide, or any other suitable 
interconnect material. If the conducting strap 129b is 
made of cobalt silicide, for example, it can be formed by 
depositing a layer of cobalt directly above the P+ region 
124a and the N+ region 126. Then, prior to the deposi- 
tion of dielectric layer 130, the structure 100b is heated 
up so as to make the cobalt layer react with silicon mate- 
rial of the N well 120 and form the cobalt silicide con- 



ducting strap 129b. 
[0025] with fewer free electrons from N well region 120 flowing 
along the path 127, the current flowing in the solution 
150 from the Cu wire 142 to the Cu wire 144 is reduced. 
As a result, fewer copper atoms of the Cu wire 142 dis- 
solve into the solution 150 as copper ions. In other words, 
metallization depletion at the Cu wire 142 is also sup- 
pressed. 

[0026] FIG. 1C illustrates a cross-sectional view of another semi- 
conductor structure 100c, in accordance with embodi- 
ments of the present invention. The structure 100c is 
similar to the structure 100b of FIG. IB, except that the 
conducting strap 129b is omitted and the P+ region 124a 
(now referred to as P+ region 124c) are formed abutting 
(i.e., in physical contact with) the N+ region 126 forming 
a p-n junction 124c, 126. 

[0027] a s a result, most of the free electrons from N well region 
120, created by the excitation mechanisms mentioned 
above (photo and/or others) will forward bias the p-n 
junction 124c, 126 causing the excess electrons to flow 
from the N+ region 126 directly to the P+ region 124c 
(i.e., via the path 128c). As a result, fewer free electrons 
from N Well regions 120 flow along the path 127 and be- 



come available to combine with the copper ions in the so- 
lution 150 to form copper LMP 152. In other words, cop- 
per LMPF is suppressed. 
[0028] with fewer free electrons from N well region 120 flowing 
along the path 127, the current flowing in the solution 
150 from the Cu wire 142 to the Cu wire 144 is reduced. 
As a result, fewer copper atoms of the Cu wire 142 dis- 
solve into the solution 150 as copper ions. In other words, 
metallization depletion at the Cu wire 142 is also sup- 
pressed. 

[0029] FIG. ID illustrates a cross-sectional view of another semi- 
conductor structure lOOd, in accordance with embodi- 
ments of the present invention. The structure lOOd is 
similar to the structure 100a of FIG. 1A, except that the 
P+ region 124a (now referred to as P+ region 124d) is 
formed outside the N well 120. 

[0030] As a result, some of the free electrons from N well region 
120, created by the excitation mechanisms mentioned 
above (photo and/or others) will flow from the N+ region 
126 through the via 136, the Cu wire 144, and the via 
134a to the P+ region 124d (i.e., via the path 128d). As a 
result, fewer free electrons from N well regions 120 flow 
along the path 127 and become available to combine with 



the copper ions in the solution 150 to form copper LMP 
152. In other words, copper LMPF is suppressed. In this 
configuration, the N well 120 is effectively electrically 
shorted to the substrate 110. 
[0031] with fewer free electrons from N well region 120 flowing 
along the path 127, the current flowing in the solution 
150 from the Cu wire 142 to the Cu wire 144 is reduced. 
As a result, fewer copper atoms of the Cu wire 142 dis- 
solve into the solution 150 as copper ions. In other words, 
metallization depletion at the Cu wire 142 is also sup- 
pressed. 

[0032] FIG. IE illustrates a cross-sectional view of another semi- 
conductor structure lOOe, in accordance with embodi- 
ments of the present invention. The structure lOOe is 
similar to the structure 100a of FIG. 1A, except that the 
P+ region 124a and the via 134a are omitted, and that 
photo-blocking layers 129a and 129b are formed directly 
on the P+ region 122 and the N well 120, respectively. 

[0033] | n one embodiment, the photo-blocking layers 129a and 
129b comprise silicide such as cobalt silicide which is ca- 
pable of preventing light (or in general, electromagnetic 
waves) from reaching the N well region 120 to create free 
electrons. More specifically, with the presence of the 



photo-blocking layer 129b, fewer free electrons are gen- 
erated to flow along the path 127 and become available to 
combine with the copper ions in the solution 150 to form 
copper LMP 152. In other words, copper LMPF is sup- 
pressed. 

[0034] with fewer free electrons from N well region 120 flowing 
along the path 127, the current flowing in the solution 
150 from the Cu wire 142 to the Cu wire 144 is reduced. 
As a result, fewer copper atoms of the Cu wire 142 dis- 
solve into the solution 150 as copper ions. In other words, 
metallization depletion at the Cu wire 142 is also sup- 
pressed. 

[0035] | n one embodiment, photo-blocking layers 129a and 

129b can be formed by depositing layers of metal (such as 
cobalt) directly above the P+ region 122 and the N well 
120. Then, the structure lOOe is heated up so as to make 
the cobalt layers react with silicon material of the P+ re- 
gion 122 and the N well 120 so as to form the photo- 
blocking layers 129a and 129b. Subsequent to the high 
temperature annealing process, un-reacted metal may be 
removed from the wafer in a suitable wet etching process. 

[0036] FIG. 2 illustrates a cross-sectional view of yet another 

semiconductor structure 200, in accordance with embodi- 



merits of the present invention. The structure 200 is simi- 
lar to the structure 100a, except that N+ regions become 
P+ regions, and P+ regions become N+ regions. For in- 
stance, the P+ region 122 of FIG. 1A becomes the N+ re- 
gion 222 of FIG. 2. In one embodiment, the element 210 
may be an n-type substrate. In another embodiment, the 
element 210 is a large N well region (not shown) embed- 
ded in a p-type substrate (not shown). 

[0037] | n order to understand how LMPF is suppressed in the 
structure 200, assume that the N+ region 224a and the 
via 234 were omitted in the structure 200. Under photo 
excitation and/or other forms of excitation of the struc- 
ture 200, free electrons and holes are created in the N re- 
gion 210 and P well region 220, respectively. As a result, 
the N+ region 222 and the P+ region 226 become cath- 
ode and anode, respectively, of a voltage cell (not shown). 

[0038] Assume further that the structure 200 undergoes a CMP 
(Chemical Mechanical Polishing) step or any other process 
that exposes the structure to an ionic or electrolytic solu- 
tion. As a result, an ionic solution 250 is present at the 
top surface 248 of the structure 200. With the N+ region 
222 and the P+ region 226 being the cathode and anode 
of the voltage cell, respectively, a current flows from the 



anode 226 through the via 236, the Cu wire 244, the so- 
lution 250, the Cu wire 242, and the via 232 to the cath- 
ode 222. 

[0039] | n the solution 250, the current comprises copper ions 
Cu+ and Cu + + dissolved into the solution 250 from the 
Cu wire 244 and moving in the solution 250 towards the 
Cu wire 242. At the Cu wire 242, the copper ions combine 
with the free electrons created in the N region 210 and 
moving up to the Cu wire 242 through the N+ region 222 
and the via 232 (i.e., via the path 227) so as to form cop- 
per LMP 252 at the Cu wire 242. As a result of some cop- 
per atoms of the copper wire 244 being dissolved into the 
solution 250 as copper ions, the copper wire 244 is de- 
pleted of material (i.e., metallization depletion). 

[0040] The above occurrence describes what would happen with- 
out the presence of N+ region 224a and the via 234. Now, 
with the presence of the N+ region 224a and the via 234, 
excess free electrons are created in the N+ region 224a 
and flow through the via 234, the Cu wire 244, and the via 
236 to the P+ region 226 (i.e., via the path 228a). As a re- 
sult, the concentration of excess free holes in the P well 
region 220 are substantially reduced, and therefore the 
potential difference between the P+ region 226 and the 



N+ region 222 are reduced. As a result, the number of 
free electrons flowing through the path 227 is substan- 
tially reduced. Therefore, fewer free electrons become 
available at the Cu wire 242 to combine with the copper 
ions in the solution 250 to form copper LMP 252. In other 
words, copper LMPF is suppressed. 
[0041] with fewer free electrons from N+ region 222 flowing 
along the path 227, the current flowing in the solution 
250 from the Cu wire 244 to the Cu wire 242 is reduced. 
As a result, fewer copper atoms of the Cu wire 244 dis- 
solve into the solution 250 as copper ions. In other words, 
metallization depletion at the Cu wire 244 is also sup- 
pressed. 

[0042] other embodiments of the present invention can be ob- 
tained by replacing P type regions by N type regions and 
replacing N type regions by P type regions in the struc- 
tures 100b, 100c, lOOd, and lOOe. 

[0043] In summary, for each N well (like the N well 120 of FIGs. 
1A-1D) in a semiconductor structure which is electrically 
connected to a metal wire, at least one P+ region (P dop- 
ing type is the opposite doping type of the N doping 
type), like the P+ regions 124a-124d of FIGs. 1A-1D, re- 
spectively, can be formed electrically connected to the 



same conducting wire. Without this P+ region, and in re- 
sponse to the excitation mechanisms acting upon the N 
well and substrate regions, and the metal wire being di- 
rectly exposed to an ionic solution, free electrons 
(negative charges) would move from the N well to the sur- 
face of the metal wire in contact with the ionic solution, 
attracting and combining with Cu+ and Cu + + ions, which 
then aggregate locally, forming one or more precipitates 
at that metal wire. However, with the presence of this P+ 
region, in response to the excitation mechanisms acting 
upon the N well and the metal wire being directly exposed 
to the ionic solution, free electrons, which would other- 
wise be available to react with metal ions in the ionic so- 
lution, are contained within the solid semiconductor ma- 
terial. As a result, excess negative charges that would ac- 
cumulate at the surface of the metal wire connected to the 
N well (and in contact with the ionic solution) are reduced 
or eliminated, and fewer or no Cu+ or Cu + + ions aggre- 
gate at the surface of the metal wire. Therefore, localized 
metal precipitate formation (LMPF) at the metal wire con- 
nected to the N well is suppressed. This is illustrated in 
FIGs. 1A-1D. 

[OO 44 ] Similarly, for each P well (like the P well 220 of FIG. 2) in a 



semiconductor structure that is electrically connected to a 
conducting wire, at least one N+ region (like the N+ re- 
gion 224a of FIG. 2) can be formed, electrically connected 
to the same conducting wire. Without this N+ region, in 
response to the excitation mechanisms acting upon the P 
well, and the conducting wire contacting it through the P+ 
region being directly exposed to an ionic solution, excess 
free holes (positive charges) would move from the P well 
to the surface of the conducting wire in contact with the 
ionic solution, where they produce copper ions, enabling a 
current to flow through the ionic solution from the P+ re- 
gion to another conducting wire exposed to the solution 
and connected to another N+ region. As a result of this 
current, LMP may form at the other conducting wire that is 
directly exposed to the ionic solution and electrically cou- 
pled to the other N+ region. However, with the presence 
of this N+ region, in response to the excitation mecha- 
nisms acting upon the P well regions and the conducting 
wire being directly exposed to the ionic solution, free 
holes which would otherwise be available to produce 
metal ions in the ionic solution, are contained within the 
solid semiconductor material. As a result, excess positive 
charges that would move to the surface of the wire con- 



nected to the P well, and in contact with the ionic solution, 
are reduced or eliminated. Therefore, the current flowing 
through the ionic solution to the N+ region is reduced or 
eliminated and LMPF at the conducting wire connected to 
the N+ region is suppressed. This is illustrated in FIG. 2. 
[0045] FIGs. 3A-3B illustrate cross-sectional and top views, re- 
spectively, of yet another semiconductor structure 300 for 
monitoring LMPF, in accordance with embodiments of the 
present invention. The structure 300 is similar to the 
structure 100a of FIG. 1A, except that the P+ region 124a 
and the via 134a are omitted and that a monitoring ramp 
terminal 348 is formed around and electrically discon- 
nected from the Cu wire 144. This is intentionally done to 
exacerbate LMPF. In one embodiment, the monitoring 
ramp terminal 348 may comprise copper or any conduct- 
ing material. 

[0046] | n one embodiment, a voltage difference is applied to the 
monitoring ramp terminal 348 and the Cu wire 144. If 
there is no LMP formed at the Cu wire 144 (like the LMP 
152), the resulting current flowing between the monitor- 
ing ramp terminal 348 and the Cu wire 144 should be low 
(~pA) due only to leakage current. If there is LPM formed 
at the Cu wire 144 (like the LMP 152), the resulting cur- 



rent flowing between the monitoring ramp terminal 348 
and the Cu wire 144 through the LMP 152 will be high 
(~uA or higher). As a result, by applying a voltage differ- 
ence to the monitoring ramp terminal 348 and the Cu wire 
144 and measuring the resulting current flowing between 
the two terminals 348 and 144, it can be determined 
whether LMPF exists at the Cu wire 144. In one embodi- 
ment, if the measured current flowing between the two 
terminals 348 and 144 exceeds a pre-specified value, it is 
determined that LMP is formed at the terminal 144 and 
the structure 300 has identified a process sensitivity to 
LMPF. 

[0047] | n an alternative embodiment, a voltage difference is ap- 
plied to the monitoring ramp terminal 348 and the Cu 
wire 142 (as opposed to the Cu wire 144). If there is no 
LMP formed at the Cu wire 144 (like the LMP 152), the re- 
sulting current flowing between the monitoring ramp ter- 
minal 348 and the Cu wire 142 should be low (~pA) due 
only to current leakage. If there is LMP formed at the Cu 
wire 144 (like the LMP 152), the resulting current flowing 
between the monitoring ramp terminal 348 and the Cu 
wire 142 will be high (~uA or higher). One possible cur- 
rent path may be from the Cu wire 142 through the via 



132, the P+ region 122, the N well 120, the N+ region 
126, the via 136, the Cu wire 144, and the LMP 152 to the 
monitoring ramp terminal 348 (i.e., path 307), assuming 
the voltage of the Cu wire 142 is higher than that of the 
monitoring ramp terminal 348. As a result, by applying a 
voltage difference to the monitoring ramp terminal 348 
and the Cu wire 142 and measuring the resulting current 
flowing between the two terminals 348 and 142, it can be 
determined whether LMPF exists at the Cu wire 144, and 
the process sensitivity to LMPF is determined. 

[0048] For the structure 300, the monitoring ramp terminal 348 
is formed around and electrically disconnected from the 
Cu wire 144 where LMP may be formed. LMP may be 
formed at the Cu wire 144 because the Cu wire 144 is ex- 
posed to an ionic solution and is electrically coupled to a 
N region (the N well 120). In general, a monitoring ramp 
terminal like the monitoring ramp terminal 348 may be 
formed around and electrically disconnected from any 
conducting wire which is exposed to an ionic solution and 
is electrically coupled to a N region. 

[0049] | n one embodiment, for the structure 300, a monitoring 
terminal like the regions 142,132,122 can be specially 
formed for monitoring LMPF at the wire 144. In another 



embodiment, any ground pad near the ramping terminal 
348 can be used as the monitoring terminal for monitor- 
ing LMPF at the wire 144. 

[0050] For the structure 200 of FIG. 2, a monitoring ramp termi- 
nal (not shown) similar to the monitoring ramp terminal 
348 of FIG. 3 may be formed around and electrically dis- 
connected from the Cu wire 242, where copper LMP may 
deposit. Then, by applying a voltage difference to the 
monitoring ramp terminal and the Cu wire 242 (or the Cu 
wire 244) and measuring the resulting current flowing be- 
tween the two terminals, it can be determined whether 
LMPF exists at the Cu wire 242. In one embodiment, if the 
measured current flowing between the two terminals 348 
and 242 exceeds a pre-specified value, it is determined 
that LMP is formed at the terminal 242 and the structure 
200 has identified a process sensitivity to LMPF. 

[0051] with reference to FIG. 3, it has been shown that the likeli- 
hood of LMPF occurring at the Cu wire 144 of the struc- 
ture 300 depends on an LMPF likelihood ratio of a first 
area of the N well 120 to a second area of the Cu wire 
144. Increasing this ratio creates more free electrons dur- 
ing excitation of the N well 120 allowing more Cu ions to 
combine with the free electrons and accumulate on Cu 



wire 144. This means that the higher the LMPF likelihood 
ratio is, the more sensitive (i.e., prone) to LMPF the struc- 
ture 300 becomes. 

[0052] | n one embodiment, multiple structures similar to the 

structure 300 of FIG. 3 (hereafter, referred to as the struc- 
tures 300) are formed on a wafer (not shown). The multi- 
ple structures 300 have various LMPF likelihood ratios, for 
example, 100:1, 250:1, 300:1, 750:1, etc. Then, during 
fabrication processes performed on the wafer, LMPF is 
monitored at the Cu wires 144 of these multiple struc- 
tures 300. Based on the monitoring data, the fabrication 
process sensitivity to LMPF can be determined. 

[0053] For example, assume that no LMPF is detected at the 

structures 300 having the LMPF likelihood ratios of 250:1 
or lower, and that LMPF is detected at the structures 300 
having the LMPF likelihood ratios of 300:1 or higher. As a 
result, it can be said that the particular fabrication process 
is sensitive to LMPF for LMPF likelihood ratios of 300:1 or 
higher. From this information, the design can be changed 
so as to avoid damages resulting from LMPF by making 
sure that all LMPF likelihood ratios through out the wafer 
are 250:1 or lower. The LMPF likelihood ratio of 300:1 can 
be referred to as the sensitivity degree of the fabrication 



process. Typically, LMPF likelihood ratios of the structures 
300 lie between, but are not limited to, the range of 100:1 
and 750:1. 

[0054] while above discussions focus on the suppression of LMPF 
at the cathode, the similar arguments also apply to the 
anode side. If the current between the cathode and the 
anode is reduced, the metal depletion at the anode will 
also be suppressed. 

[0055] | n the embodiments described above, copper wires are 
used. In general, any conducting material can be used. 

[0056] | n the embodiments described above, silicide materials 
are used. In general, any materials that can reduce the 
light reaching and exciting the n-doped and p-doped re- 
gions can be used. 

[0057] while particular embodiments of the present invention 
have been described herein for purposes of illustration, 
many modifications and changes will become apparent to 
those skilled in the art. Accordingly, the appended claims 
are intended to encompass all such modifications and 
changes as fall within the true spirit and scope of this in- 
vention. 



